in the egg; however, pattern formation thereafter depends on interactions between groups of cells.
At the highest concentration of Dorsal, the snail gene is activated and Snail helps direct the most ventral cells towards mesoderm. These cells invaginate at gastrulation, moving inwards and spreading across the inner surface of the neurogenic ectoderm. As the mesoderm cells enter the embryo, the neurogenic ectoderm moves downwards to meet at the ventral midline. The mesoderm cells migrate more dorsally and the lateralmost cells come into contact with ectoderm that expresses the BMP signalling molecule Decapentaplegic (Dpp). Dpp then induces that part of the underlying mesoderm to express the regulatory gene, tinman (related to Nkx2.5 in vertebrates), which drives differentiation of the heart.
A lower concentration of Dorsal leads to the localised expression of single-minded in the mesectoderm, the ventralmost cells of the neurogenic ectoderm that form on either side of the new ventral midline. Singleminded protein coordinates the localized expression of rhomboid and other signalling components required for the processing and release of the EGF-like ligand Spitz from the midline. Secreted Spitz helps pattern the ventral neurogenic ectoderm, perhaps in a similar way to the patterning of the vertebrate neural tube by Sonic hedgehog.
Thus, in embryos previously classified as either mosaic or regulative, many-sided intercellular conversations lead to progressive elaboration. Localized determinants and signalling molecules are agents in these conversations and all embryos have both. Localized patterns of gene expression depend on the combinatorial action of transcriptional activators and repressors. These activators and repressors together determine which cells are set up to respond to longer range signals, such as the BMPs, Wnts, Hedgehog and the FGFs. Evolution has had fun tinkering with the relative contributions of signalling and transcription in the establishment of cell fate. But, as we have seen, these processes are intimately linked and interconnected, so that, working together, they drive development forwards. In the past, because of a tendency to compare and then contrast, an apparently stronger reliance on signalling would shove the embryo into the regulative category, while the occurrence of localized transcription factors made the embryo a mosaic. But all embryos employ both mechanisms. They work as a team, and, with exquisite precision, define cellular identities progressively. Cell identity is first partly defined within broad zones of competence, but these then become refined and subdivided as organs and tissues are built. It is time to move on and donate mosaic and regulative development to the archives. 
Further reading
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The prospect of sexual competition stimulates premature and repeated ejaculation in a mammal
Brian T. Preston* and Paula Stockley
When faced with the prospect of female promiscuity, males have evolved diverse strategies to limit reproductive loss to competitors through the sperm competition that would follow [1] . Although striking variation exists between species, mammalian copulatory behaviour is often complex and protracted, and could serve both to curb female re-mating, and enhance male fertilization success if sperm competition occurs [2, 3] . Here, we demonstrate that male wild house mice, Mus musculus domesticus, adjust key components of their copulatory behaviour when there is an elevated risk that females will mate with a rival, showing that dynamics in male copulatory behaviour have evolved in the context of female promiscuity. Wild house mice are an ideal model for studying evolutionary adaptations to occasional female infidelity, because although dominant males establish and aggressively defend territories in which females nest, females do sometimes mate promiscuously and produce mixed-paternity litters [4, 5] . Like many other rodents, house mice engage in multiple bouts of intra-vaginal thrusting -called intromissions -during each copulation, between which males will dismount and move away [2] . The genital stimulation caused by such protracted copulations induces a neuroendocrine response in females that can reduce their sexual receptivity [6] , and hence highly 'stimulated' females appear less likely to seek additional copulations [3, 7, 8] . Repeated ejaculation is also common in mammals and sometimes occurs in mice [2] , which is thought to increase a male's chances of paternity once females have mated promiscuously [7, 8] , by either increasing or spreading the delivery of their sperm [9] . Given these putative benefits of prolonged and repeated copulation, but also its likely costs (e.g. predation or physical exhaustion), we should expect males to tailor their copulatory behaviour according to the perceived risk of female promiscuity and the ensuing sperm competition [9] .
To determine whether male copulatory behaviour is sensitive to sperm competition risk, we compared male behaviour when mating alone with a female, and when mating in visual, auditory, and olfactory -but not physical -contact with another male. We predicted that males would react to a competitor by providing greater copulatory stimulation to females, to inhibit their remating activity, and by ejaculating more frequently, in response to the increased likelihood of sperm competition. We analysed three different measures of copulatory stimulation: the number of thrusts, the number of intromissions, and the duration of copulatory contact. As all of these produced comparable results, we present analyses examining the number of intravaginal thrusts, and report differences between measures where evident. To prevent female receptivity or oestrous stage confounding our results, we controlled for these variables when appropriate (Table 1) . In contrast to our first prediction, our experiment showed that when a rival is present, males reduced their copulatory stimulation by a median of 53% before first ejaculating ( Figure 1A , Table 1A ). This reduction was accompanied by more vigorous penile thrusting (average thrusts per second during intromissions (log x+1 transformed): mean difference = 0.0351, s.e. = 0.0168, t22 = 2.09, p = 0.048). Females did not cause males to ejaculate prematurely, as female resistance independently increased stimulation during the first copulation (Table 1A) , and females appeared to be equally cooperative in each experimental group (paired t-test of female cooperation: n = 23, p > 0.318). A possible advantage of premature ejaculation is that it promotes more rapid sperm transfer. This reduces the risk of losing reproductive opportunities through an aggressive takeover, or female rejection, during an otherwise protracted copulation. In this context, we note that the amount and rate of stimulation preceding the second ejaculation was not similarly affected (paired t-tests: n = 8; p > 0.32 for all measures). Thus, once males had delivered their first ejaculate, and could potentially sire offspring, they appeared to resume normal copulatory behaviour. There was no difference in the onset of copulation in experimental groups (paired t-test: n = 23, p > 0.74), suggesting that males were not inhibited by their rival. Nonetheless, pre-copulatory exposure to females is known to affect a male's subsequent reproductive performance [10] , and so we controlled for variation in exposure (time from introduction to first intromission) in our models (Table 1) .
Across the trial, the impact of premature ejaculation in the first copulation led to males delivering fewer thrusts and spending less time in copula with a rival present (Table 1B) (Table 1A) . (C) Males were more likely to ejaculate on a second occasion under an elevated risk of sexual competition: binomial test of the proportion of males ejaculating twice, rival present = 0.652, rival absent = 0.348, s.e. of difference = 0.140, normal approx. = 2.064, p = 0.039. This analysis is restricted to males that copulated in each experimental group.
respond to perceived increases in sexual competition by strategically adjusting the number or quality of sperm in their ejaculates [12] . Future studies should investigate the potential mechanistic links between copulatory stimulation and ejaculation frequency, and establish the costs and benefits of varying ejaculation thresholds in contrasting mating systems.
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Mammalian Behaviour and Evolution Group, University of Liverpool, Leahurst Field Station, Neston CH64 7TE, UK. *E-mail: btp1@liv.ac.uk stimulation was distributed across a similar number of intromissions (Linear Mixed Model: treatment effect: n = 49, p > 0.5). These findings are contrary to our initial expectation that stimulation should increase under elevated sperm competition risk, and suggest that protracted periods of copulatory stimulation carry prohibitive costs under increased competition for copulatory access to females.
Both risk of sperm competition and competition for access to females are likely to vary with the size of mating males, if male size reflects their ability to fend off rivals, or their mates' propensity to seek additional copulations. Therefore, we examined male body mass for its influence on copulatory stimulation. After controlling for experimental treatment, we found that heavier males delivered more copulatory stimulation, both in the first copulatory bout, and across the trial ( Figure 1B ; Table 1) .
Though it is possible that heavier males were simply able to forcibly control copulatory pace because of their greater size relative to their mates, neither female body mass nor the difference in body mass of mating pairs affected the stimulation received by females (Table 1) . Because greater stimulation in the first copulatory bout could reduce males' ability to inseminate a second ejaculate -e.g. through physical exhaustion, reduced female receptivity [3, 6, 7] , or sperm depletion [11] -we analyzed the relationship between pre-ejaculatory stimulation and ejaculation frequency. We found that males were far less likely to ejaculate again if they provided more stimulation during their first copulation (Generalized Linear Mixed Model with binomial error distribution and logit link function: n = 49, d.f. = 1; effect = -0.0109, s.e. = 0.0032, Wald = 11.48, p < 0.001). As males ejaculated prematurely in the presence of rivals, this relationship may explain why males were nearly twice as likely to ejaculate again under elevated sperm competition risk ( Figure 1C) ; a finding that supports our second prediction. Repeated ejaculation should be highly advantageous under sperm competition [7] [8] [9] , however, the associated reduction in copulatory stimulation could degrade other aspects of postinsemination competitiveness, as copulatory stimulation is also reported to increase sperm numbers within ejaculates, and accelerate their transport towards female oviducts [11] . Prolonged copulatory stimulation and repeated ejaculation may thus be alternative routes to post-insemination competitiveness.
Our findings complement recent reports that male mammals, including humans, The analyses examine how phenotype and socio-sexual conditions influence a male's (A) copulatory stimulation prior to a first ejaculation, constant = -2.347 and (B) total copulatory stimulation over 20 hours of observation, constant = 21.38. Dependent variables are the number of thrusts recorded in 49 trials using 26 focal males, and underwent square root x+1 transformation. Male identity is fitted as a random term. a log x+1 transformed; b female resistance excluded (p > 0.08); c male body mass and the difference in body mass of mating pairs were substituted for male body mass, but were not significant (p > 0.24).
